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MASS [GeV/c?]

Primary Data Sets at BESIII

Charmonium Spectrum

predictions based on PRD 72, 054026 (2005)
measurements from PDG

Z(4430)
4.4 W(4°S1)
T]c(41SO)
I— Y (4360)
Xc2(33P2)
Y(4260) | N<(3'P1) Xc1(33P1)
4.2 Xc0(3%Po)
P(23D)
4 [Z(4020) sy | V3°S)
Z(3900 (B3 e
3.8 Xc0(23Po)
$"(1°D1)
2Mp [ T
P'(2351)
¢'(21S
3.6 | &S0
Xc2(13P2)
he(11P) Y 15P)
3.4 | Xeo(1°Po)
3.2 - predicted, discovered
JIP(1854) predicted, undiscovered
3.0 |- Ne(11S0) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ 2++
JrPC

BESIII Data Sets (primary):

(ete- collisions at Ecy between 2.0 and 4.7 GeV)

2009:

2010:
2011;

2012

2013:

2014:

2015:
2016:
2017:
2018:
2019:

2020

106M y(2S5) :
205M J/y Many topics!
975 pb-tat w(3770) spectroscopy
2.9 fb-1(total) at yw(3770) (light and heavy),
482 pb-lat 401 GeV ﬂavor physics,
: 0458 (total) y(2S) new physics,

1.3B (total) J/y
1092 pb-1l at 4.23 GeV
826 pb-1 at 4.26 GeV
540 pb-1 at 4.36 GeV
10 X 50 pb-t scan 3.81 — 4.42 GeV
1029 pb-1 at 4.42 GeV
110 pb-tat 447 GeV
110 pb-t at 4.53 GeV
48 pb-1 at 4.575 GeV
567 pb-lat 4.6 GeV
0.8 tb-! R-scan 3.85 — 4.59 GeV
R-scan 2 — 3 GeV + 2.175 GeV
~3fb-1 at 4.18 GeV (for D)
7 x 500 pb-!scan 4.19 — 4.27 GeV
more J/y (and tuning new RF cavity)
10B (total) J/y
8 X 500 pb~! scan 4.13,4.16,4.29 — 4 44 GeV
: 5% 500 pb~! scan 4.63 — 4.70 GeV (+ extra)

R scans,
T physics, etc.
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MASS [GeV/c?]

predictions based on PRD 72, 054026 (2005)
measurements from PDG

Primary Data Sets at BESIII

Charmonium Spectrum

Primary Data for Spectroscopy:

|
Z(4430) 5
4.4 T Tn(41S Y(4°S1)
[ne(4'So)| Y (4360) S0
Xc2 2 °
Y(4260) | h(3"P) xe1(3°P1) Light Quark Spectroscopy
4.2 Xc0(3%Po)
¥eD) 10 billion J/y
4 [ 2(4020) 15,y 1 ¥ S0
ag L T Precision Charmonium Physics
Y"’(13D1)
2Mp | T caq e
V'(2°S)) 450 million y(2S)
Ne'(2'So)
3.6 -
2(19P
he(11P1) Xc1(13P1) X TP)
3.4 - Xo(1%Po) Charmonium (XYZ) Spectroscopy
> 500 pb~! at 27 points
3.2 - predicted, discovered between 4 O and 4 7 GeV
JIP(1384) predicted, undiscovered
3.0 - Ne(11So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ 2++
JrPC
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Light Quark Spectroscopy

Hundreds of light quark channels are produced in J/y hadronic and radiative decays.

To BESIII (with 1.1B J/y decays)...

J/p = yrtry
[PRL 117, 042002 (2016)]

—+ Data

— PHSP MC

B Background
pp threshold

From BESII (with 58M J/y decays)...

J/p — yrta
[BESII, PRL 95, 262001 (2005)]

W
o)
o
o

X(1835)

(@)
o

X(1835)?

a X120 XA3T07

N
o

"
S
.'.. - ".."u *
b sadele

N/‘\
Q
>
)
=
o
N
Y
0p)
|_
Z
LLI
=
LLI

Events / (20 MeV/c?)

o

£,(1510) &

-
-
-
-

: 2.0
M(t'nn’) (GeV/c?)

14 16 18 2 22 24 26 28 3
Mn'r'r] (GeV/c?)

And now to 10B J/ir decays! A “legacy” data set.
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MASS [GeV/c?]

Precision Charmonium Physics

Charmonium Spectrum

predictions based on PRD 72, 054026 (2005)
measurements from PDG

Z(4430)

45 W(4381)
Nc(4'So)
I— Y (4360)
, Xc2(33P2)
Y(4260) | N<(3'P1) Xo1(33P4)
42 — XcO(33PO)
P(23D)
4 [ 2(4020) 15,y 1 ¥ S0
X(3915) Xc2(23P2)
Z(3900
3.8
oM D [ e 77T T T T T T e
3.6
Xc2(13P2)
ho(1” Xe1(19P1)
3.4 - Xoo(1°Po)s
3.2 - predicted, discovered
JIP(1854) predicted, undiscovered
3.0 . .
Nc(11So) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ 2++
JPC

The w(2S) provides easy access to the n,(18S,2S), J/y,
h.(1P), and y.,(1P) charmonium states.

Y(2S5) — v + anything
[PRD 96, 032001 (2017)]

w

X
—
o

(using 106M y(2S) decays)

1II|I II|IIII|IIII|II

>
o
=
0
o
S
@
c
o
>
L

Expect 3-5B y/(25) decays within the next several years.

precision transitions (radiative and hadronic),
precision decays, rare decays

— tests of effective field theories (like NRQCD), etc.
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MASS [GeV/c?]

Charmonium Spectroscopy: Y States

. Charmonium vector states can be produced directly
Charmonium Spectrum

. + —_ . . .
predictions based on PRD 72, 054026 (2005) and scanned in e e annihilation.
measurements from PDG

|
Z(4430) @S ete” > ata=J/yY
4.4 Tne(41S0) V350) [BaBar, PRL 95, 142001 (2005)] .
h@PY) X2(3%P2) - Discovery of the
-Y 4260) g c\° "1 Xc1(33P+) 9 . 1
4ol ( I ) XO(SSPO) 1 1 § j‘Y(4260)” 7 66Y(4260)” by
L|J(2ID1) % L 0s i ”’&Wfﬁtw "o'r’uT?v*oﬁwpﬁﬁw@ E B aB ar llSin g ISR
[_‘E 3.6 38 4 42 44 46 48 5_ .
[ vaksy measure. a v.Vlde ra.nge
: : of energies imprecisely
X(3915) Xc2(23P2)
Z(3900) ho(21P4) X(3872)
3.8 |- p” Xc0(2%Po) ' ‘
SO I D M(ztn—Jly) [GeV]
Y'(FPSH)
:'(21S
36 L Nc'(2'So)
Xc 13P + o + =
he(11P1) (1900 2(18P2) e'e —mT'T J/¢
[PRL 118, 092001 (2017)]
34 gt~ Xs0(1%Po) 4 vz Discovery of
o) - Y (4230 .
2 80 __ Fj (4230) Fine Structure
30| — - £ sl --Fitll at BESIII
' preaicteq, discovere ! B
v +: i Y(4320)? measure narrow ranges
JP(18S1) predicted, undiscovered .;]; :_ Of energy precisely
3.0 - Nc(11So) unpredicted, discovered % :—
0+ 1= 1= 0w A= 2w 38 4 42 44
JrC M(ztn=Jly) [GeV]
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MASS [GeV/c?]

Charmonium Spectroscopy: 7. States

Charmonium Spectrum

predictions based on PRD 72, 054026 (2005)
measurements from PDG

Z(4430)
45 P(43S1)
Nc(4'So)
[Me(4'So) Y(4360)
Xc2(33P2)
Y(4260) | N<(3'P1) Xc1(33P1)
42 4/ Xc0(3%Po)
T /L|J(23D1)
4 [Z@020/fisy | VS
- X(3915) Xc2(2%P2)
3.8 Xo0(2%Po)
2Mp [T T e
P’(2384)
¢'(R1S
FRLLE
X02(13P2)
he(11P1) Xc1(13P1)
34 | Xo0(1%F0)
=T
3.2 - predicted, discovered
JIP(1854) predicted, undiscovered
3.0 - Ne(11S0) unpredicted, discovered
O+ 1-—- 1+- O++ 1++ 2++
JPC

Decays of the Y states show evidence for electrically
charged structures near open charm thresholds.
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The Z.(3900)
1S near the
DD#*
threshold.

The Z.(4020)
1S near the
D*D*
threshold.
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Charmonium Spectroscopy: X States

Charmonium Spectrum

predictions based on PRD 72, 054026 (2005)
measurements from PDG
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Radiative transitions from the Y states provide
access to X states.

ete” — yX(3872); X(3872) —» ntm—J/y
[PRL 122, 202001 (2019)]

N‘S’ — (@) 4.15<E_ <4.30 GeV Establish the
S oo i X(3872) is
E, - produced in
g o radiative

1 transitions.
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— — v X(3872); X(3872) — 70x
[PRL 122, 202001 (2019)]
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Then search for
new X(3872)
decay modes.
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The Future
The BESIII Experiment:

* 18 still extremely active — 61 publications in 2019! (https://inspirehep .net/literature/1770442)
* maximum energy will be upgraded from 4.7 to 4.9 GeV (this summer)

* a proposal exists for a 2X luminosity upgrade (timing and funding is uncertain)

* no official end date (unofficial end date is 5-10 years from now)

Super tau-charm factories
are being discussed in China (USTC)
and Russia (BINP):
* a recent joint workshop on the
two proposals:

https://mosphys.ru/indico/event/3/overview
* luminosity expected to be

05-10 x 10%
(50 -100x BEPCII)
* CDRs have been developed
* R&D 1s funded and active
* timeline would be ~10 years to

physics, depending on funding (concept drawing for a tau-charm factory in Hefei, China)

Tau-charm factories offer clean and complimentary environments to study both light and heavy
quark spectroscopy, as well as a diverse array of other topics (flavor physics, new physics, etc.)!
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